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Energiankayttdo Suomessa
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Lahde: Energiavuosi 2021, Sahko, Energiateollisuus 2022;
Energian hankinta ja kulutus, Tilastokeskus 2021.
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Tuulivoiman lisdaminen ei helpota kesan kysyntahuippuja!
Vuonna 2022 aurinkosahko6a oli kannattavampaa myyda verkkoon
paivalla ja ostaa sita yolla verkosta kuin kayttaa tuotettua sahkoa itse!
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Aurinkosahkon tuotanto @nollaenergiahirsitalo ja sahkdnhinta sahkémarkkinoilla heindkuussa 2021.
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Our World

rice ol solar modules declined by 99.6% since 1976 |
The price of solar modules declined by 99.6% since 1976

Price per Watt of solar photovaoltaics (PV) modules (Ingar'\thm\c axis)

Module price (USD2019/W,,)
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Lahde: M. Victoria et al., Solar photovoltaics is ready to power a sustainable
future, Joule 5 (2021) 1-16, https://doi.org/10.1016/j.joule.2021.03.005.
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Best Research-Cell Efficiencies
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Shell aikoo maailman suurj
sahkoyhtioksi - synteettisi
polttoaineiden tuotanto ki

”Muutos vahentaa Suomen hiilidioksidipaastoja
7 prosenttia” - SSAB lupaa hurjia: Yhden tehtaan
mullistuksesta valtava vaikutus

[YMPARISTS] TEOLLISUUS TERAS RAAKA-AINEET METALLIT

How Bill Gates aims to
planet

Sementtitehtaan paastoista p
Lappeenrannassa suunnitella
harvinaislaatuista pilottilaitos
Professori: "Olemme suuren &

piivitetty 28.1.2020 12:25

Terdstehtaat ovat suurimpia hiilidioksidin pddstdjid Suomessa ja Ruotsissa.
Toteutuessaan SSAB:n tehdasmuutoksella olisi tuntuvia vaikutuksia koko Suomen
padstéihin.

Synteettisesti valmistettaville polttoaineille on m:
kysynt&, sanoo Lut-yliopisto.

| synteettinen polttoaine 28.1.2020 klo 09.00
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SSAB aikoo vahentaa paastojaan. SSAB:n Raahen tehdas on ollut monena vuotena
suurin yksittdinen hillidioksidipadstsja Suomessa. Arkistokuva on vuodelta 2017.
KUVA: PETTER! PAALASMAA

EN Es

Ruotsalais-suomalainen terésyhti6 SSAB aikoo vahentd padstsjadn suunniteltua

dir JAA
ARTIKKELI

Oljy-yhtion# tunnettu Shell visioi kasvavan
ihkoyhtidksi 2030-luvulle mennessi. Se tay

It's a simple idea: strip CO2 from the air anc
carbon-neutral fuel. But can it work onan n

Ahkontuotannon omistajaksi

t’s nothing much to look at, but the tangle

chimneys and ducts on a messy industria

of Squamish in western Canada could jus

tipping into runaway climate change and
conventional fuel.

P: voi olla valig koko Suomen paistsjen
kannalta, silli SSAB on suuri hiilidioksidip&&staji

astiikseen yhtion on tosin hs

Tavoitteeseen p

valtavia milirifi uusiutuvaa sihkéntuotantoa,

(RIS FEERERER VT EGEEREIRREIE  Sementintuotannossa iso osa hiilidioksidipagstaista aiheutuu sementin raal

Yhti6 lupaa teréstd markkinoille jo vuonna 2026. Alun

kiinni linjauksestaan Finnsementin Lappeenrannan-tehd perin fossiilivapaata teristd piti tuoda markkinoille vasta vuonna 2035
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Hydrocarbon from
air and sunlight

)(2)

| g

Source: Soletair-project

Electricity from solar
power plant

Production of hydro-
gen from water using
electrolysis

Carbon dioxide _
recovery from air

Hydrocarbon formed
from synthesis

Hudrocarbons refined
into fuels and
chemicals

End products — gaso-
line, diesel, plastics,
etc.
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US| pmoun |, OO | ot | PR | Aot
’ S, MVA (2) max: ,

Residential | 1319444 | 242173933 12 109 7 350 184 T
Public 71685 62 197 484 3110 1 880 868 )
Leisure 488 763 36 877 551 1844 1110 75 Ea ey ‘
Industry 30 259 47 496 085 2 375 1450 1570 Residential buildings in "« 3 3
Other 3127670 | 299327 488 14 966 9033 574 E'er](;?rfn;”rﬂg‘g'éi area':‘:g’;—:: K
Total 5037821 | 688072541 34 404 20 823 137 (green) ST

1) Total surface areas of buildings

2) Nominal power of panels. Based on assumption that only southern side of
roofs (all ridge type) are utilized with 70% panel filling factor

3) Maximum power taking into account point of compass of buildings and
geographical location in Finland

Rooftop areas, point of compass

to West

Lahde: Jukka Lassila, et. Al., Nationwide Photovoltaic Hosting Capacity in the Finnish
Electricity Distribution System, EUPVSEC 2106, Munich, June 2016.

to South
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Lahteet:

IEA PVPS, Snapshot of Global PV Markets 2022, saatavissa:
Www.iea-pvps.org

PV Magazine — From 300 GW to 3,000 GW per year — a utopia?

GWp FIGURE 4: GLOBAL EVOLUTION OF CUMULATIVE PV INSTALLATIONS
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Scenarios for the development of the global PV market 2022 to 2026
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http://www.iea-pvps.org/
https://www.pv-magazine.com/2023/01/12/from-300-gw-to-3000-gw-per-year-a-utopia/
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Finland 102 MW

Lahde: IEA PVPS, Snapshot of Global PV Markets 2022, saatavissa: www.iea-pvps.org
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Aurinkoséhko on halvinta jo melkein joka puolella maailmaa 900 MW @ 1.54 € snt /kWh
Utility-scale PV LCOE (€/MWh) based on average 1Q2019/Y2030/Y2050 CAPEX SIS0 | Gz ) [

Dubai’s Dewa gets record-low bid to build solar-power plant
Helsinki

Miinchen 37/22/15
32/19/13

~

= Dubai’s Dewa gets record-low bid

Texas to build solar-power plant

- 20/M12/8

India
A 21/13/8
Malaga
21/13/9

South fric
18/11/7

Chile
15/9/6

LCOE with 6% nominal WACC; w/o taxes in 2018 real € MWh

Lahde Fortum File: Visitors look at the model of Mohammad Bin Rashid Al Maktoum Solar Park in Dubai,at

pavilios a ing the Ab Dhabi Sustainability Week 2018 af lADNEC

Lahde: Gulf News
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Alejandro Ibafiez-Rioja, Lauri Jarvinen, Pietari Puranen, Antti Kosonen, Katja Hynynen
Vesa Ruuskanen, Jero Ahola and Pertti Kauranen
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Off-grid Solar PV + Wind Power + Battery Energy Storage + 100 MW Alkaline Water
Electrolyzer

30 years plant simulation with 5 min resolution

LCOH(e /kg)
A

A
‘ O
!’i\l P

: H, (kg)

Controller

Finite-State
______ RS

Alkaline Water
Electrolyser

<
+
o
3 —~

— — P2X

Battery Energy System ENABLE
Y,

Solar PV power data

5.4.2023 p2xenable.fi




S LuT
3 University

Solar PV
Data collected from southeastern Finland 2021-5min resolution g T : N 1 | : ‘ ]"i | : :
Degradation included 3 08} |l | | 1 ‘ .
Peak power capacity is optimized —2 el 1 | | | ‘ 1 | |
Wind power : ] (| | (NN
Data collected from southeastern Finland 2021-10min resolution 3 \ | il | “f | " ‘v'f , W" ‘ i\ I “ :
Nominal capacity is optimized ; 0.2 A “"‘A‘ ‘, F"‘"#li 1* ":"l,‘l. m},‘ ‘ [“g":’. "v‘ h’f;“lf!,‘*;ki A it “ | i“ [ ] ki
Battery Energy Storage SyStem i Uli .lAlm‘ leA : ,\‘:l;:,-l‘l ",\:n“"‘ “t .\11,,'\- ‘ _l|l|n ‘ .l:l]v , '\':llﬁ ' "'\':vp:}' : ‘(i)lj.:l ; ’\‘L\’ \|)J.\(,
Round trip efficiency: 92% Month
Degradation and replacement included Fig. 2: Daily average power values of the normalized solar PV and wind power time series from

data collected in the year 2021.

Capacity is optimized
Alkaline water Electrolyzer
Fixed nominal power capacity: 100MW

Minimum power: 20% nominal capacity sz
Degradation and replacement included

ENABLE
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Simultaneous optimization of system control and component capacities

11 Variables
X1, ..., Xg — related to system control
X9 — Solar PV peak power
X10 — Battery capacity
X171 — Nominal Wind power

30-years lifetime plant simulation — 5min time resolution

Technical models = Energy management, degradation,
replacements and H, production:

my, (%1, » X11) (kg Hy)

Economic models - CAPEX & OPEX, Discount rate and Learning curve — Levelized Cost Of Hydrogen (LCOH in €/kg)

P2X
ENABLE
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Based on learning curves, plant optimization in 2020, 2022, 2030, 2035, 2040

Optimal capacities: solar PV not Initial costs
included until 2040
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Wind Electrolyser ~ Solar PV Battery Wind Electrolyzer ~ Solar PV Battery &
v
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Electrolyzer running
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Electrolyzer running
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Electrolyzer running ,  Curtailments Battery used to keep @partial load
— tial load ’ partial loa
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Fig. 8: Annual energy production from the solar PV and wind installations, and annual curtail- 5 P2X
ments for each installation year simulated. The values are calculated as the annual average of the J ENABLE

30-year plant simulation.
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Levelized Cost Of Hydrogen (LCOH)
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Optimization with 1%, 3%, 5% and 7%

Solar PV BESS
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Results — Discount rate analysis Be ¥l
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AWE Wind BESS Solar PV
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Reference years 2020, 2030, 2040, 2050 from: M. Fasihi, C. Breyer, Baseload electricity and hydrogen supply based on hybrid PV-wind
power plants, Journal of Cleaner Production 243 (2020) 118466. doi:10.1016/j.jclepro.2019.118466
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